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AMINO ACID SUPPLEMENTATION OF
WHEAT FOR GROWING SWINE

P. R. CHEEKE AND T. P. DAVIDSON

Abundant supplies of wheat available
for feeding purposes indicate a need for
reappraisal of traditional swine feeding
practices in the Pacific Northwest. Com-
parison of the nutrient composition of
wheat to that of other grains suggests
that it is a high-quality feedstuff. Digest-
ible energy, total crude protein, and two
amino acids, lysine and methionine, are
especially important nutrients in cereal
grain-based rations. Comparison of four
commonly used grains (Table 1) reveals
that wheat equals or surpasses the other
grains in these important nutritional
properties. Much of the data on ration
formulation and nutrient requirements of
swine have been obtained with corn-
based rations. Because of the higher pro-
tein, lysine, and methionine contents of
wheat than of corn, and the higher di-
gestibility of the protein, it can be antici-
pated that optimal protein supplementa-
tion may be quite different for wheat-
based than for corn-based rations. This
experiment involved the supplementation
of wheat with the two amino acids, ly-
sine and methionine, to determine if
wheat alone, when supplemented with

P. R. Cheeke is assistant professor of ani-
mal science, Oregon State University. T. P.
Davidson is Superintendent, Umatilla Ex-
periment Station, Oregon State University.

these two amino acids, would meet the
protein needs of the growing pig.

Experimental Procedure
Fourteen groups of 12 pigs were as-

signed to the following dietary treat-
ments:

1. Positive control. Wheat + soybean-
fishmeal supplement.

2. Negative control. Wheat with no
protein supplement.

3. Negative control + methionine.
4. Negative control + methionine

lysine.
5. Negative control + methionine hy-

droxy analogue (MHA).
6. Negative control +MHA	 lysine.
7. Negative control + lysine.

There were two pens of 12 pigs each
in each treatment. Weight gains and
carcass data were obtained for each pig,
and feed intake was measured on a
group basis.

The ingredient composition and pro-
tein analysis of the experimental rations
are shown in Table 2. Two forms of
methionine were tested: pure methionine
and methionine hydroxy analogue
( MHA). MHA can be converted to
methionine in the body of the pig; it is
less expensive than synthetic methionine.

Table 1. Comparison of Nutrient Contents of Cereal Grains, and Their Relationship to the
Nutrient Requirement of the Pig

kcal.
digestible

energy per lb.
% Crude
protein

% Digesti-
bility of
protein % Lysine

% Methio-
nine*

Oats 1300 11.8 84 0.36 0.36
Barley 1420 11.4 78 0.35 0.36
Corn 1640 8.9 80 0.18 0.18
Wheat 1600 12.7 92 0.45 0.36
N.R.C. swine
Requirement

for growth 1450 14 0.70 0.50

* The % methionine figures given actually are the sum of methionine and cystine, another
amino acid which replaces part of the methionine requirement.
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Table 2. Percentage Composition of the Experimental Rations

Treatment Number

Ingredient 1 2 3 4 5 6 7

Wheat 85 92.75 92.59 92.31 92.54 92.26 92.47
Herring meal 4
Soybean meal 4
Alfalfa 5 5 5 5 5 5 5
Iodized salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Bonemeal 0.7 1.25 1.25 1.25 1.25 1.25 1.25
Limestone 0.8 0.5 0.5 0.5 0.5 0.5 0.5
Methionine 0.165 0.165
Lysine 0.28 0.28 0.28
MHA 0.206 0.206

Chemical Analysis
% Crude protein 18.1 13.8 14.3 14.0 13.6 13.9 13.3

Each ration was supplemented with zinc, vitamin A, and vitamin D, and with 2 lbs. Aureo-
SP-250 per ton.

Results and Discussion
The pigs receiving either a protein

supplement or added lysine reached
market weight, whereas those on the un-
supplemented wheat ration (negative
control) and those receiving only methio-
nine or MHA gained so slowly that it
was necessary to modify their diet to
allow them to reach market weight.
Therefore, after 90 days, these groups
(Treatments 2, 3, and 5) were taken off
their respective rations and fed the posi-
tive control ration. In Table 3, the
growth performance of all groups for the
first 90 days is compared; in Table 4 the
performance of the positive control and
lysine-supplemented groups for the en-
tire period is tabulated.

These results demonstrate that satis-
factory growth can be obtained when
wheat is supplemented with lysine alone.
Under present economic circumstances,
however, it appears that lysine can be
provided more cheaply from natural
sources such as soybean meal and fish-
meal than by synthetic lysine, since the
cost of gains was cheapest in the positive
control' group. The response to amino
acid supplementation indicates that the
wheat used in this experiment was limit-
ing primarily in lysine, and contained
adequate methionine.

For maximum economic efficiency in
swine production, it would be desirable

Table 3. Growth Performance for First
Ninety Days

Average daily
Treatment	 gain-lbs.

1. Positive control
	

1.63
2. Negative control ( NC )*

	
0.95

3. NC + methionine*
	

0.99
4. NC + methionine	 lysine	 1.46
5. NC + MHA*
	

1.02
6. NC + MHA lysine
	 1.48

7. NC + lysine	 1.48

° After 90 days, these groups were
switched to the positive control ration.

to obtain an amino acid analysis of the
grain used. The amino acid composition
of the cereal grains is much more vari-
able than is the composition of the com-
monly used protein supplements, such
as soybean meal and fishmeal. Thus if
one knew the amino acid requirements
of the pig for growth (these are tabu-
lated in the National Research Council
publication) and the amino acid compo-
sition of the grain being used, it is a
fairly simple matter to then design a
ration which will meet these require-
ments. At the present time, an amino
acid analysis ($40-$50 per sample) is
prohibitively expensive where small
quantities of feed are involved. When a
large amount of grain is to be purchased,
an amino acid analysis of a representa-
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Table 4. Performance over Entire Experimental Period 

Average daily 	
Lbs. feed

gain (lbs )	 lb. gain
Total feed
cost ( $ )

Feed cost
Treatment lb. gain ( $ )

1. Positive control 1.63 2.91 329.53 .100
4. NC + methionine	 lysine 1.49 3.11 371.96 .110
6. NC ± MHA	 lysine 1.52 3.26 375.16 .114
7. NC + lysine 1.44 3.19 357.92 .107

tive sample will allow for most efficient
use of protein supplements. The Depart-
ment of Animal Science will provide to
interested persons information on amino
acid analysis.

Summary
1. Very poor growth performance was

obtained when a wheat-based ration was
fed to growing swine with no protein
or amino acid supplementation.

2. Supplementation with methionine,
an essential amino acid, did not improve
growth performance.

3. Supplementation with the amino

acid lysine produced almost as satisfac-
tory gains as when a soybean-fishmeal
protein supplement was used.

4. Under the economic conditions pre-
vailing at the time the experiment was
conducted, it was less expensive to cor-
rect the lysine deficiency of wheat with
natural protein sources than with syn-
thetic lysine.

Reference
Nutrient Requirements of Swine. Pub-

lication 1599, National Academy of Sci-
ences—National Research Council. Wash-
ington, D.C. 1968.

EFFECT OF DICHLORVOS IN THE
GESTATION RATION ON SOW PRODUCTIVITY

D. C. ENGLAND AND PAUL DAY

Death losses of newborn and suckling
pigs constitute one of the major ineffi-
ciencies in swine production. These
losses generally range from 15 to 35 per-
cent of the pigs born alive. Numerous
management factors, including nutrition
and disease, are involved in the extent
of mortality. The vigor of the newborn
pig, which is closely associated with its
size at birth, has a high positive relation-
ship to its probability of survival. Produc-
tion practices which increase birthweight
can be expected to result in increased
survival as well. For sows and gilts that
are fed the recommended restricted
amounts of feed during the early and
middle portions of gestation, increasing

D. C. England is a professor of animal
science and Paul Day is a graduate assistant
in animal science, Oregon State University.
the amount of feed by 25 to 35 percent

during the last third increases birth-
weights of pigs.

During investigation by a commercial
company of the efficacy and safety of
dichlorvos (2,2- dichlorovinyl dimethyl
phosphate) as an anthelmintic for preg-
nant sows and gilts, it was observed that
changes in birthweight and survival of
their litters appeared to be favorably in-
fluenced. Planned experiments, in many
or most cases supported in part by the
company, were conducted and a number
of reports were issued. Foster (1968),
Singh et al. (1968), Batte et al. (1969),
and England (1969) all reported signifi-
cantly increased birthweights of pigs to
result from feeding 800 mg. dichlorvos
per head per day to sows or gilts three to
six weeks before farrow. Foster (1968)
and England (1969) recorded decreased
death losses of newborn and suckling
pigs.
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Additional experiments have been con-
ducted at the Oregon Agricultural Ex-
periment Station to confirm the results of
the initial experiment and to gather in-
formation on other potential benefits. In
the course of these, about two-thirds of
the females used had not been fed
dichlorvos in any gestation prior to the
experiment and the remainder had been
fed dichlorvos during one or more pre-
ceeding gestations. Table 1 shows the
data on birthweights and survival of pigs
from dams treated the first time. Table 2
shows comparable data for dams that had
previously been fed dichlorvos during
gestation.

It can be seen in Table 1 that inclu-

sion of dichlorvos in the ration during
the last three to four weeks of gestation
resulted in significantly increased average
birthweights in each experiment. Unex-
pectedly, in fall 1968, dams fed dichlor-
vos for the first time farrowed litters
that had heavier average birthweight
than did dichlorvos-fed dams that had
also been fed dichlorvos during the previ-
ous gestation.

Substantial improvement in percent
survival of pigs from treated dams oc-
curred in all the first gestation experi-
ments in which dams were fed dichlor-
vos, except in the fall 1968 experiment
in which both treated and control dams
were fed dichlorvos.

Table 1. Influence of Dichlorvos in Dam's Ration During First Gestation of Treatment on
Birthweight and Survival of Pigs

No. of
Experiment	 litters

Av. born
alive per

litter
Av. no.

born dead
Av. birth

weight (lbs )
Percent
survival

S	 1968-Sows
Treated	 17 10.06 1.00 2.90 87.6
Control	 16 10.75 0.75 2.65 79.7

Advantage for treated -0.69 -0.25 0.25 7.9

S	 1968-Gilts
Treated	 12 9.08 0.58 2.74 90.1
Control	 12 9.00 0.45 2.49 84.5

Advantage for treated 0.08 -0.13 0.25 5.6

F	 1968-Sows
Treated'	 14 9.86 0.21 2.87 77.3
Control'	 14 10.29 0.14 2.66 76.2

Advantage for treated -0.43 -.07 0.21 1.1

F	 1969	 Gilts
Treated	 9 8.33 0.33 2.63 93.3
Control	 4 9.75 0.25 2.38 82.1

Advantage for treated -1.42 -0.08 0.25 11.2

1970-Gilts
Treated	 15 7.60 0.40 3.02 82.7
Control	 15 9.00 0.80 2.83 77.3

Advantage for treated -1.40 0.40 0.19 5.4

Total litters
Treated	 67 8.99 0.50 2.83 86.2
Control	 61 9.76 0.48 2.60 80.0

Average advantage for treated -0.77 -0.02 0.23 6.2

Treated and control sows received dichlorvos during this gestation, but treated sows were
receiving it for the first time whereas controls had received it during the previous gestation.
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Experiments were conducted in fall
1969 and spring 1970 to gather addi-
tional data on response of sows that had
previously been fed dichlorvos. Gilts
were included for information on first-
time response. The gilt data are shown in
Table 1; both average birthweight and
percent survival of pigs were increased.
The sow data are shown in Table 2.
Birthweights were not significantly dif-
ferent for treated and control sows when
both groups had been fed dichlorvos in
one or more preceding gestations. In-
creased survival percentage of pigs for
the treated group was essentially absent
in one of these experiments and compar-
able to the results for first-time treatment
groups in the other.

Percentage death losses are highest
among pigs weighing two pounds or less
and decrease as birthweights increase.
Reports indicate that about 20 percent of
the pigs weigh two pounds or less at
birth ( Vestal, 1938; Chapman, 1963).
Increased survival could be obtained by
decreasing the percentage of pigs in the
higher mortality birthweight groups and
by increasing the strength and vigor of
newborn pigs sufficiently to enable them
to nurse adequately and more effectively
resist other causes of death. Table 3
shows the distribution of birthweights of
pigs in control and treated litters and the
percent mortality for each in each birth-
weight category. In Table 3, treated
dams are those receiving dichlorvos for

Table 2.	 Influence of Dichlorvos in Sow's Ration Subsequent to First Gestation of Treatment
on Birthweight and Survival of Pigs

No. of
Experiment	 litters

Av. born
alive per

litter
Av. no

born dead
Av. birth

weight ( lbs )
Percent
survival

F	 1969
Treated'	 14 11.00 0.21 2.43 81.8
Control'	 19 11.00 0.05 2.45 80.9

Advantage for treated 0.00 -0.16 -0.02 0.9
S 1970

Treated'	 18 11.11 0.72 2.89 87.0
Control'	 18 10.06 0.72 2.92 79.6

Advantage for treated 1.05 0.00 -0.03 7.4
Total litters

Treated	 32 11.06 0.47 2.66 84.5
Control	 37 10.53 0.39 2.68 80.3

Average advantage for treated 0.53 -0.08 -0.02 4.2

Both treated and control sows had been fed dichlorvos in one or more previous gestations.
Only the treated were fed dichlorvos in this gestation.

Table 3. Distribution of Birthweights and Percent Survival of Pigs in each Birthweight Class
in Litters from Control and Dichlorvos-fed Dams'

Birthweight classes ( lbs )
2.0 or	 More
less	 2.1-2.5	 2.6-3.0	 3.1-3.5	 3.6-4.0

	
than 4.0

Percent born
Control 18 21 29 23 7 1
Treated 8 19 31 28 12 2

Percent survival
Control 56 83 89 90 97 90
Treated 60 89 89 93 98 100

First gestation of treatment.
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Table 4. Distribution of Birthweights and Percent Survival of Pigs in each Birthweight Class
in Litters from Control and Dichlorvos-fed Dams'

Dams

Control
Treated

Control
Treated

Birthweight classes ( lbs )
2.0 or

less	 2.1-2.5	 2.6-3.0	 3.1-3.5	 3.6-4.0	 than	 4.0

Percent born
14	 26	 31	 19	 9	 1
17	 22	 37	 14	 6	 4

Percent survival
60	 75	 88	 92	 94	 100
51	 83	 90	 95	 98	 100

More

Both groups of dams fed dichlorvos in one or more previous gestations; only treated dams
fed dichlorvos this gestation.

the first time and control dams are those
not receiving dichlorvos. This excludes
the fall 1968 experiment because the
control dams in that experiment were
also fed dichlorvos. Table 4 shows the
distribution of birthweights and percent
mortality for treated and control dams
that had been fed dichlorvos in at least
one previous gestation.

The increased birthweights resulting
from feeding dichlorvos without feeding
additional nutrients suggests possible
metabolic changes in utilization of nutri-
ents. It was logical, therefore, to de-
termine whether dichlorvos in the ration
would affect ovulation rate and embry-
onic mortality in gilts in the same manner
as increased energy in the ration does.
An experiment was designed in which
control gilts prior to breeding were fed
six pounds per head daily of a standard
gestation ration and treated gilts were
fed the same amount of the same ration
with 800 mg. of dichlorvos added. Fol-
lowing breeding, half of the control gilts
were switched to the dichlorvos ration
and half of the treated gilts were
switched to the control ration. All were
slaughtered at approximately 25 days
after mating. Table 5 shows the ovula-
tion rate and Table 6 shows the embryo
survival data.

These data, reported by England, et al.
(1969) do not indicate a beneficial effect
of dichlorvos on litter size in the pre-
breeding and early gestation periods.
Bazer, et al. (1969) reported significantly
increased ovulation in gilts fed dichlorvos
and a greater number of live embryos at

Table 5. Corpora Lutea Numbers for Pre-
breeding and Dichlorvos-fed Gilts.

Pre-breeding feed treatment

Regular	 Dichlorvos

Number
of gilts	 29	 23

Average corpora
lutea number	 15.97°	 14.35

° Means differ significantly ( P <.05 ).

25 days of gestation. Dichlorvos-fed gilts
that carried their litters to term, however,
did not farrow more pigs per litter than
control gilts.

In the Oregon experiments, feeding
dichlorvos during gestation has not pro-
duced changes in weaning weight of the
pigs at 35 or 56 days. The major influ-
ence of dichlorvos on sow productivity
has thus been through its favorable in-
fluence on survival. The average magni-
tude of this effect has been an increase
of about 6 pigs weaned for each 100
pigs born alive.

Summary
A series of experiments was conducted

in which gilts or sows were fed 800 mg.
dichlorvos per head per day during the
last three weeks of gestation. Signifi-
cantly increased birthweights and a sub-
stantial increase in preweaning survival
occurred in litters born from the first ges-
tation of treatment. Increased survival
resulted from a decreased percentage of
pigs with critically low birthweights and
from higher percentage survival in pigs
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Table 6. Mean Number of Live and Dead Embryos at Day 25 ± 1 Post-breeding

Live
Group'	 No. gilts	 embryos

Dead	 Total embryo
embryos	 Total corpora lutea

1 15 11.7 .80 77.9%
2 14 9.4 .71 63.9%
3 10 10.8 .70 75.3%
4 13 10.9 .77 83.1%

'Treatment groups were determined by the presence ( dichlorvos ) or absence ( regular) of
dichlorvos in the pre- and post-breeding rations as follows: ( 1) regular-regular, (2) regular-
dichlorvos, (3) dichlorvos-regular, and ( 4) dichlorvos-dichlorvos.

from treated dams. Response from feed-
ing dichlorvos to sows that had been
treated in a previous gestation was less
consistent for survival and appeared to
be lacking for birthweight. Weaning
weights were not changed by feeding
dichlorvos during gestation. In a single
experiment, feeding dichlorvos for three
weeks prior to breeding did not in-
crease the number of eggs ovulated.
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DRIED WHEY—A NEW LOOK AT AN OLD PRODUCT
D. E. STANGEL, P. R. CHEEKE, DAVID C. ENGLAND, AND W. H. KENNICK

Whey, a by-product of the cheese in-
dustry, has been utilized by hog produc-
ers for centuries. Even in ancient Rome,
Cato mentioned that whey was used for
pig feeding and noted it to be a valu-
able supplement when used properly.

D. E. Stangel is a graduate assistant, P. R.
Cheeke is assistant professor, David C. Eng-
land is professor, and W. H. Kennick is as-
sociate professor, in the Department of Ani-
mal Science, Oregon State University.

Today, with the technology of modern
man, whey no longer has to be fed in the
liquid form. Several drying processes
have been developed to turn this often-
termed waste product into a usable feed-
stuff. Since raw whey is regarded as a
serious pollutant, its disposal is receiving
increasing attention as pollution becomes
an ever increasing problem to today's so-
ciety.

The study of the use of dried whey in
the feeding of hogs has gone on for
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many years. Hog raisers in the Midwest
are using dried whey in their creep and
starter rations to a much greater extent
than their counterparts here on the West
Coast.

The experiment reported here is the
preliminary work for some detailed study
into the use of dried whey in various
types of swine rations. Four rations were
used to compare the effects of the addi-
tion of 10 percent dried whey to rations
with and without 20 percent alfalfa.
There has been some indication that the
high level of lactose in the dried whey
may cause changes in the microbial pop-
ulation of the digestive tract. These
microbial changes may have a beneficial
effect in reducing scours, and may en-
hance fiber digestion in some way.

The experiment was conducted at the
Oregon Agricultural Experiment Station
during July through October of 1970
using pigs from the Oregon State Univer-
sity swine herd.

Experimental Procedure
A group of eight barrows was allotted

to each of four treatments (Table 1). The
pigs on each ration were individually
penned and fed ad libitum from indi-
vidual self-feeders. Automatic waterers
were provided in each pen and all ra-
tions were fed in pelleted form. Feed

consumption, weight gains, and carcass
data were recorded on each pig.

Results and Discussion
The results of this experiment are sum-

marized in Table 2. From these results
several items of interest can be brought
out. A remarkably good growth rate and
feed conversion were observed in both
groups fed 20 percent alfalfa. As would
be expected, the feeding of a large quan-
tity of alfalfa resulted in slightly longer
and leaner carcasses. These results indi-
cate that high-quality alfalfa can be
added to rations in fairly high levels with
good results. Ration 4 which had 10 per-
cent dried whey added to it failed to give
better results than the alfalfa without
dried whey. This experiment failed to
show a beneficial effect of lactose on
fiber digestion. Ration 2, which contained
10 percent dried whey with no alfalfa,
gave the best results. This level of dried
whey raises the cost per ton, but the pigs
performed well enough on this ration to
make it the least costly per pound of
gain. The excellent feed efficiency re-
corded by this whey ration might be ex-
plained by favorable effects of whey on
protein and fat digestibility. Ration 1
was included as a control ration and per-
formed adequately in this capacity.

At present there is another experiment

Table 1. Composition of Experimental Swine Rations

Ration 1 Ration 2 Ration 3 Ration 4

5% Alfalfa
control lbs./ton

10% Dried
whey lbs./ton

20% Alfalfa
lbs./ton

10% Dried whey
+ 20% alfalfa

lbs./ton

Corn 1017
Wheat 800 1629 1449 1248
Dried whey 200 200
Alfalfa 100 400 400
Fish meal 30 40 40 40
Cottonseed meal 80 80 80
Bone meal 24 20
Limestone 4 12
Methionine HA 9.5 6.6 6.6 6.6
Salt 10 10 10 10.0
Lysine 6 2 2 0.6
Dicalcium phosphate 22 15.0

Note: Each ration contained 200 gm ZnSO4/ton, 1,200,000 IU vitamin A/ton, 12,000 IU
vitamin D/ton, and 2 lbs. Aureo-SP-250/ton.
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Table 2.	 Growth Performance and Carcass Data

Feed
Average Feed per Average Average Average cost/lb.

daily gain lb. gain carcass length back fat loin eye gain
lbs. lbs. in. in. sq. in. $

Ration 1 1.95 2.92 28.95 1.6 3.44 0.114
Ration 2 2.3 2.66 29.34 1.7 3.7 0.11
Ration 3 2.1 3.13 29.37 1.5 3.5 0.115
Ration 4 2.0 3.13 29.41 1.5 3.6 0.124

in progress which should define more
closely what level of dried whey should
be added to a grower ration for most
efficient gains. In this levels of 0, 2,
4, 6, and 8 percent dried whey are being
used. It is desirable to obtain the lowest
level possible that will give added per-
formance since high levels of dried whey
in a ration are difficult to pellet, but low
levels serve as a good binder for the
pellets.

Since dried whey has much the same
gross composition as wheat, a compari-
son is shown in Table 3. Replacing cereal
grains with whey takes away little, but
adds needed amino acids and vitamins.

Summary
This experiment used four rations to

compare the effects of a 10 percent dried
whey ration with and without 20 percent
alfalfa.

The results showed that the 10 percent
dried whey without alfalfa gave the best
performance by increasing average daily
gains and feed efficiency. The addition
of whey did not improve the performance
of pigs fed the ration containing 20 per-
cent alfalfa. The performance of the pigs
on the 20 percent alfalfa rations indicate
that the pig is capable of utilizing high
levels of alfalfa in its diet.

This experiment has shown that dried
whey is well utilized by growing hogs
and because of its beneficial effects on
feed efficiency and other yet to be proven
factors, it may be an economical supple-
ment to finishing rations.

Table 3.	 Comparative Analyses of
Dried Whey and Wheat*

Dried whey Wheat

Protein % 14.7 11.1
Lactose % 67.7
Ash % 10.3 2.1
Ether extract % .9 2.2
Moisture as fed % 6.0 10.8
Fiber % 3.0
Calcium % .93 .14
Phosphorus % .84 .34
Magnesium % .14 .18
Potassium % 2.3 .58
Solium % 1.0 .10
Arginine % .40 .71
Histidine % .22 .27
Lysine % 1.10 .45
Methionine % .38 .18
Tryptophane % .24 .18
Niacin mg/kg 11.9 66.3
Pantothenic

acid mg/kg 50.8 12.9
Riboflavin mg /kg 31.8 1.2
Thiamin mg/kg 3.9 5.5

* N.R.C. data.
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METHODS OF SWINE MANURE DISPOSAL
ARTHUR J. MUEHLING

Never before in history have so many
agencies and private citizens been as
concerned about pollution of the environ-
ment in which we live. Numerous fed-
eral and state laws have been passed and
new regulations are still being formulated
concerning environmental quality which
affect, or should affect, some of the deci-
sions made by swine farmers. Today, the
livestock producer is at a turning point
where he must relinquish some of his
total independence enjoyed by farmers
in the past. He must comply with newly
adopted antipollution regulations to main-
tain a healthy environment for his home
as well as that of his neighbors. He
should be concerned for his own comfort,
safety, health, welfare, and way of life
and expect the same to be enjoyed by
his neighbors and the general public.

New Antipollution Acts
New antipollution acts have been

passed in a number of the states and oth-
ers are in the process of formulating new
laws covering pollution which will affect
the hog producer. The Federal Water
Quality Act of 1965, better known as the
Clear Waters Act, set the standards for
the quality of the waters in the United
States. The federal government gave
each state a certain length of time to
develop a plan showing how it would
meet these standards. It will be only a
matter of time until all states have regula-
tions covering pollution which will af-
fect the handling and disposal of live-
stock wastes.

The formulation of the new antipollu-
tion regulations will depend upon each
state. Hopefully, someone associated
with agriculture will be called upon to
help develop these regulations. Usually
the producer will have a chance through
public hearings to propose changes and
additions to the regulations as they are
being formulated. Let us hope that rea-

Arthur J. Muehling is associate professor
and extension agricultural engineer, Univer-
sity of Illinois, Urbana.

sonable regulations covering the handling
of livestock wastes can be developed and
approved in each state so the livestock
producer can conform to the law with-
out undue hardship and the public will
have a healthy, pleasant environment.

What Should the Pork Producer
Consider?

Previously, swine manure has always
been considered as having some value,
and still does have beneficial value when
returned to the land. But, today, with
the relatively cheap and abundant supply
of commercial fertilizer, producers must
consider manure handling and disposal
an expense charged against the livestock
enterprise.

When planning a swine system, con-
sider the following:

1. Plan some definite method of
handling the swine manure. There are
producers who are still running the
wastes into streams or down over the
hillside. It will be only a matter of time
until at least the larger producers will
have to file an application for a permit
to operate their livestock enterprise. The
permit will be issued only after the waste
handling system has been approved.

2. Locate any new swine facility away
from neighboring residences and com-
mercial buildings. Pay particular atten-
tion to prevailing winds and, whenever
possible, avoid locating to the southwest
of your own home or your neighbor's.
Odors from swine units have been de-
tected as far as	 miles downwind.

3. The new pollution control agencies
will be concerned mainly with stream
water pollution and possibly air pollu-
tion. Water pollution can be measured
by B.O.D., percent solids, disolved oxy-
gen, color, etc., and is the easiest viola-
tion to detect and prosecute. Air pollu-
tion (odor) is very difficult to measure
and will usually be prosecuted in a civil
court.

4. When planning a manure-handling
system, no liquid manure runoff should
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be allowed to run into a natural water-
course from any manure storage, treat-
ment facility, or confinement feedlot. As
of today, there is no treatment method
that adequately purifies the livestock
wastes so the liquids can enter a natural
watercourse without violating present
pollution standards.

5. Most new antipollution laws govern
all pollution—industrial, residential, and
rural. The area of livestock wastes is only
one of many areas that will be controlled.
Try to be a good neighbor and be con-
siderate of others. You cannot continue
to stand on the principal that your hog
enterprise was there first and you don't
care what your neighbors think. The En-
vironmental Protection Agency does not
have sufficient personnel to individually
police every livestock facility and de-
termine whether it complies with the
regulations. Normally, they will only
answer complaints by neighbors but they
must investigate when a complaint is
filed.

Plan a Manure-Handling System
Every swine farmer should plan on a

definite system for handling the manure
from his swine enterprise. A manure-
handling system may be anything from
the simple scraping of floors and hauling
the solids to the field to something quite
complex such as slotted floors and a
waste treatment facility. Normally, larger
hog producers will not depend upon only
one method of manure handling, but
will utilize a combination of techniques
to accomplish a satisfactory system. Let
us take a look at some of the manure-
handling systems that can be considered
by producers.
System I. Solid Floors with Bedding—

Store and Haul
The conventional method of using

solid floors with bedding is not common
with the newer production houses, but is
still used by many producers. Normally,
a feeding floor will need to be scrapped
once or twice weekly and bedding added
when necessary. A bedded farrowing
crate must be cleaned daily—twice daily
is better.

A space must be provided to store the

Manure. If the storage area is not shel-
tered, the runoff will cause problems.

Arrange the feeding floor so it can be
scraped with a tractor and blade. When
the feeding floor is not roofed over, pro-
vide some place for the drainage from
the feeding floor to go. Don't allow out-
side land to drain on to the feeding floor.

Some producers have had good re-
sults by incorporating a gutter cleaner in
a farrowing house to carry out the solid
manure and stock-pile it outside. When
straw is used, the liquids are soaked up
and are not a problem. Locate the gutter
cleaner just outside the rear of the far-
rowing crate.

System II. Slotted Floors—Store and
Haul

Any time slotted floors are used, the
manure must be handled as a liquid.
Usually the wastage from the waterers is
sufficient that additional water need not
be added to handle the manure as a
liquid.

When the swine system is not too
large, storing the manure in a pit under
the slotted floors and periodically haul-
ing it on the land works well. The com-
mercial vacuum tank wagons are quite
popular and minimize the physical labor
of hauling manure.

The major problems with spreading
liquid manure on the land are the odors
during and immediately following spread-
ing and the danger of pollution due to
runoff on rolling land, particularly when
followed by rainy weather or when
spread on frozen ground. The practice of
applying the liquid manure directly into
the soil has been developed to help re-
duce both problems. The manure is
either injected directly into the soil, de-
posited in a furrow and plowed under, or
spread on the land and disked under.
Several commercial companies have de-
veloped attachments for their commer-
cial tank wagons to inject the manure
directly into the soil. When themanure
is rapidly covered with soil the odors are
almost eliminated and runoff with the
surface drainage is minimized.

Another method of reducing odors in a
building or during hauling is to use an
odor-depressing agent. Some are sprayed
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over the pit in the house and others are
mixed with the manure before hauling.
Some producers have claimed good re-
sults and others report only fair or poor
odor control. The additives must be
added according to instructions. The cost
to treat any sizeable amount of manure
can be fairly appreciable.

When spreading manure over the land,
try to follow these guidelines:

1. Be respectful of your neighbors.
Don't spread too close to their homes.

2. Try not to spread when there is a
strong wind blowing toward any resi-
dential areas. A strong wind can spread
the odors over a much larger area. Strong
manure odors have been known to carry
as far as five miles.

3. If possible, avoid spreading on hot,
humid days when the air is very stable
and the odors seem to last much longer.

4. Odors seem to be less during colder
weather. Haul during cold weather, but
avoid spreading on sloping land when
the ground is frozen.

System III. Slotted Floors—Combination
of Lagoon and Hauling

Lagoons for the disposal of swine ma-
nure have received much publicity—
some good, much bad. Most lagoons have
been constructed too small and, at least
part of the year, have an overflow run-
off which is a strong pollutant.

Lagoons must be non-overflowing. No
lagoon treatment will adequately purify
the liquids so they can enter a natural
watercourse. Treating all the wastes with
a lagoon may be practical with a small
farrowing house or a farrowing-nursery
combination. Whenever large amounts of
manure must be disposed of, total treat-
ment by lagoon is not normally feasible
because of the large area required by the
lagoon and the large amount of water
required.

The combination of hauling part of the
manure and using the lagoon when one
can't haul has worked quite well for
many of the larger producers. Most of
the manure is hauled to the field when
land is accessible and weather permits.
When one can't get on the fields, the
liquids overflow to the lagoon and the

solids remain in the pit to be hauled away
later. Some agitation is required to re-
move the solids after they have been
allowed to build up for a period of time.

The lagoon must be sized to the swine
operation. Since the new Pollution Con-
trol Board has not established the new
design standards at this time, it is diffi-
cult to list a definite size requirement. In
Illinois, provide at least 1 to 13i cubic
feet of lagoon volume per pound of hog
on feed or 100 to 150 cubic feet per 100-
pound hog. Haul as much of the solids as
possible. A mechanical floating aerator
can be installed in the lagoon to provide
better treatment and to possibly allow
the lagoon to handle the wastes from
more hogs.

The lagoon must not be allowed to
overflow. If the liquids reach a dangerous
level, some must be pumped from the
lagoon to lower the level. The vacuum
tank wagon can be used to haul liquids to
the field, but this is a very slow method
of lowering the level of any sizeable
lagoon. A small irrigation pump with
tubing and nozzel for spreading is the
easiest method to lower the lagoon level
where useable land is located close
enough to the lagoon.

This combination of hauling and using
a lagoon allows the producer to utilize
some fertility value from the manure and
haul it when there is less demand for his
time. It also takes a major portion of the
loading off the lagoon.

System IV. Slotted Floors—Oxidation
Ditch-Lagoon

The oxidation ditch is a mechanical
method of aerobically treating liquid
wastes. Its major advantage is reducing
odors inside the building and during
field spreading. Usually, the manure
storage pit under the slotted floors is
constructed so there is a continuous
channel. An aeration rotor churns the
liquid wastes, mixing in air which sup-
plies the necessary oxygen for the aero-
bic bacteria. The action of the rotor also
keeps the wastes circulating so that all
the solids are kept in suspension. The
rotor must be operated continuously to
maintain aerobic conditions.
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It has usually worked best to maintain
a constant liquid level in the ditch so the
rotor level need not be adjusted. A la-
goon can be provided to take the treated
liquid runoff or the liquid can be col-
lected in a storage tank and hauled. The
liquid effluent coming from an oxidation
ditch cannot be run off in a tile line or
an open watercourse for it will not be
adequately purified to meet pollution
standards. Allow the overflow to dis-
charge into a lagoon with fluctuating
depth. Irrigate from the lagoon if sur-
plus water becomes a problem.

System V. Flushing Gutter-Lagoon-

Irrigation

The flowing gutter system of manure
removal developed by Iowa State Uni-
versity has shown that odors within the
house can be minimized when the ma-
nure is flushed from the house several
times a day. The system uses 5-foot by
23-foot pens which slope M inch per foot
into a shallow gutter 33i feet wide at the
end of the pen. The gutter slopes 10
inches in 100 feet in the length of the
building. Flushing tanks located at one
end of the building are used to flush the
gutter at desired intervals. These tanks
are filled with recirculated lagoon water.
Floor feeding and the constantly wetted
gutter are credited as reasons why the
pigs maintain clean pens. The manure is
washed from the building into a lagoon
before it has had time to undergo any
decomposition, eliminating most odors.

It is desirable to get a good treatment
of the manure in the lagoon before the
water is recirculated. Use of floating
aerators in the lagoon will insure better
treatment of the liquid wastes. Tests
have shown the recycling of waste wat-

ers for washing the floor has no detri-
mental effect on the pigs.

The flowing gutter system with recir-
culated water may be used beneath
slotted floors, also. With slotted floors,
where the wash water is confined to the
manure pit under the slotted floors and
the pigs have no access to it, the quality
of the wash water is not so critical.
There are many partially slotted floor
buildings in Illinois which could adopt
the flowing gutter system with minimum
change to their present facilities.

Again, some provision would be neces-
sary to empty some of the liquids from
the lagoon when it is filled. Where land
is available, irrigation equipment would
be the easiest and probably the least
costly method to spread large quantities
from a lagoon.

Summary
Swine producers must do adequate

planning before they embark on enlarg-
ing their present swine unit or building a
new unit. If your present location is not
desirable, it may be better to start mov-
ing to a new location instead of enlarging
at the present location and increasing the
problem. All types of anti-pollution meas-
ures, including the handling and disposal
of livestock waste, will be in the lime-
light for the next few years. Producers
are going to be required to do their best
to avoid runoff, keep odors to a mini-
mum, and maintain a pleasant general
appearance of the entire swine operation
if they are to meet the new anti-pollution
regulations that are being adopted. Re-
member that better methods of manure
handling will provide a better environ-
ment for your family and your neigh-
bors.
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DECISION PROCESSES IN SWINE MANAGEMENT

A. GENE NELSON

The first step in the decision process
is the recognition of a problem or op-
portunity. This is an awareness of the
potential to close the gap between "what
is" and "what could be." Hog farmers
not satisfied with the lower level of living
provided by their business have at least
two alternatives: (1) they can supple-
ment their farm earnings with off-farm
income; or (2) they can seek to operate
a larger business through expansion.

This presentation will deal with the de-
cision process of evaluating the possi-
bility of successfully expanding an exist-
ing hog enterprise.' This analysis assumes
that the present operation is economically
efficient, but that the volume simply is
not large enough to provide the level of
living the farmer desires for his family.
Obviously, if the operation is not pres-
ently profitable, an expansion is not
going to solve the problem, it is going to
aggravate it.

First, we will briefly examine some
factors affecting the outlook for hog pro-
duction in Oregon. Then we will an-
alyze an example of a proposal to expand
a hog enterprise to illustrate the man-
agement tools used in such a process.

Projecting the Outlook for Hog
Production

The potential does exist for increasing
hog production in Oregon to meet slaugh-
ter and consumption requirements. About
30 percent of the hogs slaughtered in
Oregon are shipped in from other re-
gions. Only about 25 percent of the total
pork consumed in Oregon is produced
here. The ability of producers in Oregon
to realize this potential will depend on
their competitive position. They must be

These procedures are equally useful in
evaluating an investment by a potential hog
producer.

A. Gene Nelson is extension farm manage-
ment specialist, Oregon State University.

able to produce and supply hogs at
prices, quantities, and qualities that are
competitive with produce shipped from
other regions, particularly the Midwest.

Several factors will influence the po-
tential for hog production in Oregon.
Any farmer planning an investment in
hog production should study them care-
fully.

Feed. Historically, feed prices have been
higher in Oregon than in the Midwest.
Will more Oregon-produced grain be
available for feeding to hogs at competi-
tive prices? Government policies and pro-
grams will have an important influence.

Marketing. Hog profits are dependent to
a large extent upon what happens in the
marketing channel. For example, more
efficient meat packing and distribution
could mean a higher hog price for Ore-
gon farmers. Is there a possible benefit
for producers through group efforts to
improve the coordination between pro-
duction and marketing?

Disease. The risk of disease, particularly
at farrowing time, is increased with larger
concentrations of hogs. Oregon producers
have been somewhat isolated from this,
as is reflected in the larger number of
pigs per litter ( about one pig per litter
more than Midwestern producers). Will
this advantage continue, and will new
methods be developed to control these
diseases?

Manure disposal. A 200-litter operation
produces waste equivalent to a town the
size of Philomath. Will more efficient
techniques be developed to handle
wastes? Will the Oregon Legislature con-
tinue to support tax relief to encourage
investment in pollution control facilities?
Presently, this can amount to as much as
25 percent of the initial investment.

Labor. Large-scale hog operations require
specialized labor and management. Com-
mercial producers in Illinois report that
three years are required to adequately
train a management assistant. Can in-
centive or profit-sharing programs be de-
veloped to attract and hold competent
employees?
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Analyzing an Investment for
Expansion

In this example, Farmer Jones is pres-
ently farrowing and finishing about 850
hogs annually. While his operation is
profitable, the volume is not sufficient to
provide the income desired. Conse-
quently, he is planning an expansion
from 100 to 150 litters per year. The ad-
ditional investment in facilities is esti-
mated at $10,000 and can be financed
by a five-year loan with $2,000 plus in-
terest repaid each year. Also, 25 gilts
will be kept to increase the breeding
herd. The present family labor force
should be adequate for the increased
size of operations.

The analysis of this investment in-
volves answering three questions regard-
ing (1) returns, (2) repayment, and (3)
risk. Jones needs to know whether the
investment will be profitable, whether
obligations can be met when they be-
come due, and whether the business has
the capacity to assume the risk. The
management tools used to analyze these
questions are (1) the partial budget, (2)
cash flow budget, and (3) net worth
budget. Let's consider the questions one
at a time.

Considering Returns to the
Investment

The first requirement for the proposed
investment is that it offers Jones a satis-
factory opportunity for earning a profit.
The partial budget is useful in analyzing
this question.

As the name implies, the partial bud-
get is concerned only with part of the
complete farm income budget. It in-
cludes only the annual income and ex-
pense items that are associated with the
new investment; unaffected items are not
included.

The partial budget for this example is
based on a market hog price of $20 per
hundredweight and 8.5 pigs per litter
(Table 1). The increased number of hogs
will result in additional feed and other
production expenses. No additional labor
is charged because the existing labor
force is not fully employed and will not
need to be increased. The depreciation
charge on the new facilities assumes a
10-year planning horizon with no sal-
vage value. Interest is 8 percent of the
average 10-year investment.

The partial budget indicates that over
the next 10 years, the farm's net income
before taxes would be increased by

Table 1.	 Partial Budget for Adding 50 Litters of Hogs
Additional income

Market hog; (400 hd. @ $45) $ 18,000
Cull sows (25 hd. @ $55) 1,375

Total additional income $ 19,375
Reduced expenses none

Additional income plus reduced expenses $ 19,375
Additional expenses

Feed ( 185 tons @ $68) $ 12,580
Other production expensesa 1,085
Buildings—depreciation 1,000

—interest 400
Interest on breeding herd 160
Taxes and insurance 250

Total additional expenses $ 15,475
Reduced income none

Additional expenses plus reduced income $ 15,475

Change in annual net income $	 3,900
a Includes veterinary, utilities, repairs, interest on operating capital, miscellaneous, and

boar expenses.
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$3,900 per year. This represents a re-
turn to labor assumed to be previously
unemployed. With the labor requirement
at 16 hours per litter, this is equivalent
to a return of over $4.85 per hour of ad-
ditional labor. Thus, it appears that Jones
has the opportunity to make a good
profit on this investment.

Considering Repayment of the
Investment

Next, Jones must analyze whether he
can repay the loan required to finance
the investment. The cash flow budget is
commonly used for this purpose.

A cash flow budget shows the antici-
pated cash available and used for the
business and family living. Cash flow
budgets can be prepared on a monthly,
quarterly, or yearly basis.

For this example, the cash flow is bud-
geted for six years (Table 2). The 1970
figures summarize the transactions for
the current year. The 1971 transition
year would be the first under the new
plan. By 1972, the new facilities would
be operating at full capacity. In addition
to operating expenses and capital ex-
penditures, cash must be available for
the new loan, the mortgage, income
taxes, and family living expenses.

The 1971 year will be the most re-
strictive with regard to cash flow. In
fact, it appears that Jones will have to
borrow about $800 to be repaid in 1972.
By the end of 1975, a cash balance of
$7,800 is anticipated. Thus, it appears
that, except for 1971, Jones would be
able to meet the repayment schedule as-
sociated with this investment.

Considering the Risk of the
Investment

Finally, Jones must determine the
ability of the business to assume any
financial risk associated with the invest-
ment. The net worth budget contributes
to this aspect of the investment analysis.

The net worth budget summarizes the
projected value of assets and liabilities.
Prepared for a series of future dates, it
indicates the financial progress resulting
from an investment.

At the end of 1970, Jones's projected
net worth is $37,840 (Table 3). His
major assets are land, home, and build-
ings on which there is a mortgage of
$30,000. By 1971, his net worth would
have increased to $52,900.

The "debt to worth ratio," calculated
by dividing total liabilities by net worth,
reflects the ability to absorb risk either

Table 2. Cash Flow Budget for Adding 50 Litters of Hogs

Years

1970 1971 1972 1973 1974 1975

Operating income $36,000 $43,875 $54,000 $54,000 $54,000 $54,000
Capital sales 2,750 2,750 4,125 4,125 4,125 4,125
Money borrowed 0 10,000 0 0 0 0

Total cash available $38,750 $56,625 $58,125 $58,125 $58,125 $58,125

Operating expensesa $27,830 $34,785 $41,745 $41,745 $41,745 $41,745
Capital expenditures 0 10,000 0 0 0 0
Mortgage payment 3,780 3,780 3,780 3,780 3,780 3,780
Loan repayment 0 2,800 2,640 2,480 2,320 2,160
Income taxes 1,500 2,100 2,500 2,700 2,700 2,700
Family living 4,800 4,800 5,400 5,400 5,400 5,400

Total cash used $37,910 $58,265 $56,065 $56,105 $55,945 $55,785

Net cash flow $	 840 $-1,640 $ 2,060 $ 2,020 $ 2,180 $ 2,340
Accumulated balance $	 840 $- 800 $ 1,260 $ 3,280 $ 5,460 $ 7,800

a Includes feed, other production expenses, property taxes, and insurance.
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Table 3. Net Worth Budget for Adding 50 Litters of Hogs

End of year

1970 1971 1972 1973 1974 1975

Assets
Cash on hand $	 840 $- 800 $ 1,260 $ 3,280 $ 5,460 $ 7,800
Mutual funds 2,000 2,000 2,000 2,000 2,000 2,000
Feed inventory 3,000 3,800 4,500 4,500 4,500 4,500
Breeding herd 4,000 6,000 6,000 6,000 6,000 6,000
Hog buildings 15,000 23,000 20,000 17,000 14,000 11,000
Land and Home 45,000 45,000 45,000 45,000 45,000 45,000

Total assets $69,840 $79,000 $78,760 $77,780 $76,960 $76,300
Liabilities

Accounts payable $ 2,000 $ 2,500 $ 3,000 $ 3,000 $ 3,000 $ 3,000
New loan 0 8,000 6,000 4,000 2,000 0
Mortgage 30,000 28,320 26,520 24,600 22,560 20,400

Total liabilities $32,000 $38,820 $35,520 $31,600 $27,560 $23,400

Net worth $37,840 $40,180 $43,240 $46,180 $49,400 $52,900

by selling assets or borrowing against
their value. The ratio approaches one in
1971, but is less than one for the other
years. Thus, it appears that Jones would
maintain a stable financial situation with
the investment.

Applying the Tools of Management
The purpose of this example is to illus-

trate the use of the management tools in
decision-making, and it may not be in-
dicative of the profit potential in the hog

enterprise. While decisions might be
made without using all three of the tools
discussed, each serves a purpose and all
fit together in providing a careful in-
vestment analysis. The partial budget
analyzes returns; the cash flow budget
analyzes repayment; and the net worth
budget analyzes risk. The use of these
tools can help farmers (and lenders)
to develop better information for the
difficult decisions regarding investment
and expansion.

EQUIPMENT AND FACILITIES FOR MODERN METHODS
OF SWINE MANURE DISPOSAL*

ARTHUR J. MUEHLING

The use of slotted floors in swine hous-
ing has received more credit than any
other factor for accelerating the trend to
confinement housing and increased spe-
cialization, in swine production in the
United States. Before their use, the
amount and type of labor needed to
scrape or wash the feeding floor and
dispose of the wastes discouraged many

Arthur J. Muehling is associate professor
and extension agricultural engineer, Univer-
sity of Illinois, Urbana.

producers from confinement housing.
Today, with modern facilities and equip-
ment, considerable labor can be saved
and, also, a better environment can be
provided for the hogs and the operator
than with previous field systems.

Before we discuss specific facilities,
one cannot forget the importance man-
agement plays in any swine system-
particularly a confinement system. Man-
agement depends entirely on the oper-
ator. Neither the builder nor the equip-
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ment dealer has any control over this
factor. Although well-designed buildings
and good equipment do make manage-
ment easier, they cannot overcome the
problems of poor management. With
good management, properly designed
buildings and equipment can be substi-
tuted for some labor. But, usually, a
higher level of management skill is re-
quired for confinement buildings with
slotted floors than for the conventional
pasture systems.

Modern confinement hog facilities usu-
ally include a farrowing house, a nur-
sery house, a finishing house, and a sow-
gestation house. Some producers may
combine two or more of these units into
one building.

Farrowing House
Slotted-floor farrowing units are now

well accepted, Detailed studies by the
Agricultural Economics Department of
the University of Illinois show that
slotted floors save more labor in farrow-
ing than in any other phase of confine-

ment production. Individual farrowing
crates are normally used, with a pit
under the entire crate. Usually, two sep-
arate 8-foot pits are slotted in a 24-foot
building (Figure 1).

Many producers have found a labor-
saving method of constructing the pit
walls. Where soil conditions permit, they
can save most of the forming by using a
small trencher to dig out the pit walls.
Thus, they have a minimum of forming
to do along the top of the trench before
pouring the walls against the earth banks.
After the walls are poured, the center is
taken out with a backhoe, the pit floor is
poured, and the slats are put in place.
This construction method will not work
in sandy or other loose soils. Make the
pits 3 to 4 feet deep. The bottom of the
pit should be level or only slightly sloped
toward one end. A sump hole located at
the pumping end enables the operator
to more completely empty the pits when
hauling.

Wood, concrete, and steel slotted
floors have been used in farrowing
houses, but concrete appears to have the
longest life. When slats were first used
they were made of narrow wood (Di
inches) and spaced 1 inch apart. Such
wide spacings with narrow surfaces
caused problems with the small pigs get-
ting their legs caught, so recommenda-
tions now call for narrower spacing.
Today it is common to use a 4- or 5-inch-
wide slat and a spacing of about % inch.

Figure 1. Floor plan and cross-section of
slotted-floor farrowing house.
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Experience has shown that slats laid
parallel with the sow work better than
those laid perpendicular to the sow. A
sow pushes to the side with her feet
when getting up and will get footing
from the gaps between the parallel slats.
Little pigs can also get better footing
when they are nursing if the slats run
parallel with the sow.

Concrete slats are now widely used. A
typical slat has a 4- or 5-inch-wide top
with a %-inch spacing. Commercial cast-
in-place metal forms have increased the
use of this size. Some producers today
are making an extra wide slat in the pig
area of the standard farrowing crate and
putting hot water or electric heat in this
wide slat. This solid heated area pro-
vided for the pig to lay allows the oper-
ator to maintain a slightly reduced room
temperature without discomfort to the
pigs.

The quality of concrete used in slats is
important. Use a rich concrete mix with
7i bags of cement per cubic yard of con-
crete. Limit the maximum size of ag-
gregate to i inch. For 8-foot slats locate
a %-inch reinforcing rod 3 to % inch from
the bottom of the slats. Cure the slats by
spraying them with a curing compound
or covering the entire slat area with
plastic. Use a steel trowel to finish the
slat surface as smooth as possible to re-
duce abrasions on baby pigs' knees. Some

producers have used floor sanders to
smooth the tops of the slats.

The narrow %-inch spacing of slats
may result in some manure buildup at
the rear of the crate before and shortly
after pigs are born, because it is the ac-
tivity of the pigs that works the sow ma-
nure through the slats. The manure
buildup is worse when the sows come
off pasture and are slightly constipated.
Widen the gaps between the slats to 1
inch for a 2-foot-square section inside
the crate at the rear of the sow. This
wider spacing results in better cleaning in
this area. This area must be covered dur-
ing farrowing (Figure 2).

Steel slats of all types and expanded
metal have been used for farrowing.
Most steel slats need a coating on the
underside to reduce excessive corrosion
from exposure over the manure pit.

Manure probably is worked through
expanded metal better than almost any
other slotted floor material. Use size 94-
inch, 9-11 gage, flattened expanded meal.
Provide support every 12 inches for the
pigs and every 6 inches where it must
carry the weight of the sow. Lay with
long openings parallel to the sow. Metal
grates using flat iron straps 1 to H
inches wide, spaced %-inch apart, have
also worked well for farrowing (Figure
3). Both aluminum and porcelanized
steel slats are now on the market. Early

Figure 2. Concrete slats with 1-inch spacing to the rear of sow. Wide gaps are covered with
grate during farrowing.
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indications show that both resist corro-
sion better than the early steel slats.

Wood slats were one of the first mate-
rials used for slotted floors for farrowing.
Wood has the lowest initial cost, partic-
ularly where native hard wood is readily
available. However, it is difficult to main-
tain a uniform spacing because of warp-
ing and excessive wear. Wood slots are
also harder to keep clean and become
quite slick when wet.

Nursery Building
Slotted-floor nursery and finishing

buildings are taking essentially the same
shape, except that nursery pens may be
smaller. Both partially and totally slotted
floors have been used.

The nursery building can be a sepa-
rate building; more commonly, it is a
part of the farrowing house. A nursery
can be used for sows and litters together.
When you place weaned pigs in a nurs-
ery, allow 4 square feet per pig (from
40 to 100 pounds in weight). Try not to
put more than 25 pigs in each pen.

The small pig usually does a poor job
of keeping his pen clean. It is best to use
a totally slotted pen for a nursery (Fig-
ure 4). If the pen is full of pigs and the
floor is totally slotted, the floor will re-
main clean and the pigs will be clean and

dry. For concrete or wood slats, use a 4-
to 5-inch surface with 1-inch spacing.
Any pig over two weeks old should be
able to walk on slats spaced 1 inch apart,
if there is a 4- to 5-inch surface to stand
on.

Finishing Building
The first confinement slotted-floor fin-

ishing buildings were totally enclosed
buildings using relatively small pens with
partially slotted floors. Today, the trend
seems to be toward the totally slotted,
totally enclosed building or the open-
front, partially slotted building. Regard-
less of the floor arrangement, allow the
following amount of space:

Weight of pig Sq. ft. per pig

40-100 4
100-150 6
150-210 8a

a You may want to increase this to 9 dur-
ing hot weather.

Totally slotted floors are becoming
more popular in finishing units. The
elimination of floor cleaning and the
shift back to self-feeding are largely re-
sponsible for this change. Figure 5 shows
a typical 32-foot totally slotted-floor fin-
ishing unit.

Figure 3. Steel straps 1 to 1% inches wide,
spaced %-inch apart, have worked well for

farrowing.

CROSS SECTION 

Figure 4. Floor plan and cross section of
24-ft. totally slotted-floor nursery building.
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Figure 5. Totally slotted-floor finishing building.

Good feeders and good management
are necessary on totally slotted floors to
eliminate feed waste. A good feeder must
be adjusted to supply only a small
amount of feed in the trough at one time,
as shown in Figure 5. Filling the feeders
frequently insures an even flow of feed.
Twice-a-day filling is no problem with
mechanized equipment. Small feeders
that require a minimum of floor space
are popular.

Both concrete and steel slats are used
in finishing buildings. Concrete is most
popular because of its cost and dura-
bility. Use a 4- or 5-inch slat with a f-
inch gap. Even 6- to 7-inch-wide con-
crete slats- have been used with no ap-
parent reduction in how well the slats
clear. Wood can also be used, but its
two- to four-year life limits its use and
the investment it justifies.

Partially slotted-floor pens today are
usually 6 to 8 feet wide, with about one-
third of the floor slotted. Sizes range
from 12 feet long (with 4 feet slotted)
to 30 feet long (with 10 feet slotted). It
is questionable whether the floors of a

partially slotted pen longer than 30 feet
will remain clean.

The open-front partially slotted-floor
finishing house (Figure 6) differs con-
siderably from the old open-front finish-
ing building. It has an insulated roof,
heat in the floor, and a slotted floor next
to the open front. This unit appears
adaptable for use in moderate climates,
but it may not be as satisfactory for
colder areas.

Slot about one-third of the floor in this
partially slotted-floor finishing building.
Open only the south or east side for
minimum winter exposure. Provide a
continuous door along the closed side for
natural ventilation during hot weather.
Solid division walls should be provided
every 30 to 35 feet (every 4 to 5 pens) to
reduce longitudinal drafts during cold
windy weather. These walls should be
removable, or made to open, in order to
allow maximum air movement during hot
weather. The lower portion of the open
front may be closed with plywood or
other sheet materials to pen height dur-
ing inclement weather. Never close the
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FREEZE PROOF WATERER

Figure 6. Cross-section of open-front, partially slotted-floor finishing building.

entire open front without first installing
mechanical fans.

Floor feeding encourages cleaner pens
in partially slotted-floor units. Since self-
feeders are being used in most new con-
struction, this benefit is lost. Floor heat
at the upper portion of the pen also re-
sults in cleaner floors when a new batch
of pigs messes up.

On solid floors in buildings where self
feeders are used, let the feeders run
empty and hand feed on the floor for
several days. After the pigs have learned
to keep the floor clean, go back to using
the self feeder.

Sow Confinement
Producers are showing increased in-

terest in facilities for confining sows. The
sows can be confined in groups or indi-
vidually. Some growers are converting
partially slotted-floor finishing buildings
to use for sows by removing one parti-
tion to provide an 8- by 16-foot pen for
10 sows. The existing mechanical feeder
is used to floor-feed the sows. The open-
front partially slotted-floor finishing house
(Figure 6) is also used for sow confine-
ment. This works well with floor feed-
ing, either mechanical or by hand.

Tying (tethering) individual sows in
stalls has been a common practice in

Europe for some time (Figure 7). Sepa-
rate stalls make it possible to feed sows
individually, also eliminating fighting. In-
dividual stalls would also be desirable if
artificial insemination were adopted.

In the United States, only a few sows
have been confined in individual stalls,
but the number may increase. The stalls
are usually 2 feet wide and 6'i feet long,
with 3 feet slotted. Slats 4 and 5 inches
wide spaced 1 inch have normally been
used for sows. Several producers have

Figure 7. Sows tied in slotted-floor con-
finement building.
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Figure 8. Production-line confinement swine building.

STORAGE

FARROWING UNIT

PENS

recently tried using wider slats with good
results with sows confined in groups.
Slats as wide as 9 inches have been used.
One producer using 7-inch concrete slats
says his sows definitely walk better on
the wider slats than on the former 4-inch-
wide slats.

Hog Production Systems
Many commercial hog production sys-

tems are developing throughout the
United States. Normally, producers have

a multi-building system around a central
feed processing unit. A new system is the
"production-line" system (Figure 8).
This single building is partitioned off into
rooms for farrowing, for nursery, and for
finishing. There is even room for holding
the sows that are to enter the farrowing
crates next in the farrowing room. When
all pigs are confined in one building,
this system requires the highest level of
management, but the least amount of
labor.  

176' 
SCALE 64' 30' 130'   

RELATIONSHIP OF LITTER SIZE, BIRTHWEIGHT, AND
DURATION OF FARROWING

TO SURVIVAL OF PIGS

D. C. ENGLAND AND PAUL DAY

Data were analyzed on 450 litters far-
rowed during the period February, 1966,
to June, 1970, inclusive, in the Oregon
State University herd. Dams were both
gilts and sows and included Berkshires,
Yorkshires, and crosses of these breeds.
The purpose of this analysis was to de-
termine parameters for- a number of pop-
ulation characteristics that affect effici-
ency of production as mediated through
sow productivity. These parameters are
set forth and discussed.

The average number of pigs born
alive per litter was 9.58. The average
number weaned per litter was 7.98. Sur-
vival to weaning at 56 days was 83.3
percent of those born alive. These aver-
age figures give us a summary of the

D. C. England is a professor of animal
science and Paul Day is a graduate assistant
in animal science, Oregon State University.

herd performance but tell us nothing
about the variability in the herd, nor
about the possible relationship between
the characteristics of litters or individuals
at birth and their subsequent livability.
We have, therefore, examined in more
detail the various traits and their interre-
lationships.

The number of live pigs per litter at
birth varied from 1 to 17. The frequency
of occurrence of litters with the different
numbers of live pigs is shown in Table 1.
About one-fourth of the litters had fewer
live pigs at birth than the average num-
ber of pigs weaned per litter for the herd.
These litters inevitably decreased the
efficiency of production due to an inade-
quate number alive at birth. The only
way the dams of these litters could be of
average productivity, in terms of num-
ber of pigs raised, would be as foster
mothers for pigs from other litters in
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which the number of pigs exceeded the
capacity of the dams to nurse them. To
fill this role requires the availability of
the excess pigs in the first two or three
days after farrow of small litters. In
practical swine production it is difficult
to have the available sow capacity and
the excess pigs occurring simultaneously
to a perfect degree. An approach can be
made, however, by weaning litters at the
same time and breeding sows at the first
heat period following weaning. Synchro-
nization of estrus in gilts, when this
technique becomes fully developed and
is approved for use, will accomplish sim-
ilar results for gilts.

The average number of pigs weaned
per litter and the percent survival to
weaning for each litter size at birth are
shown in Table 2.

The data in Table 2 reveal that the
number of pigs weaned per litter in-
creased with each increase in number
of pigs born per litter. Even though
there were differences in percentage sur-
vival to 56 days of age, there is little evi-
dence that percent survival consistently
decreased as number born alive increased
until litter size at birth was at least 13
pigs. The percentage survival for the lit-

ters with 16 and 17 pigs alive at birth
show that high-percentage survival can
be achieved in these litters with the con-
sequent result that the average number
weaned is increased by about 67 percent
over the average number weaned per lit-
ter in the herd. It necessarily follows that
the ability to live is present in pigs from
large litters; if survival is to be achieved,
however, environmental adequacy must
be provided in relation to each pig's re-
quirement.

Either foster mothers with small litters
of their own must be available, or arti-
ficial rearing is required to provide the
necessary environment. Pigs must be
transferred to foster mothers within two
or three days after the foster dams have
farrowed. Pigs to be transferred can be
somewhat older, and can be successfully
reared by alternating the access of por-
tions of a large litter to their dam at two-
or three-hour intervals for the first day
or two. After that, the necessary number
of large, strong pigs can be removed for
artificial rearing. If shortly thereafter a
litter with available space for additional
pigs is born, the pigs being artificially
reared can be placed with this litter on
the second or third day. Management

Table 1. Frequency Distribution of Litters with Different Number of Pigs Alive at Birth

Litter size No. litters
Percent of
total litters

1 2 0.44
2 5 1.11
3 7 1.56
4 13 2.89
5 `14 3.11
6 25 5.56
7 47 10.44
8 40 2.89
9 63 14.00

10 57 12.67
11 52 11.56
12 45 10.00
13 39 8.67
14 22 4.89
15 12 2.67
16 5 1.11
17 2 0.44

Total 450 100.00
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Table 2. Average Number Alive and Percent Alive at 56 Days of Age for Litters of Different
Numbers Alive at Birth

No.
litters

No. alive
at birth

Ave. no. alive
at 56 days

Percent alive
at 56 days

2 1 1 100.0
5 2 1 50.0
7 3 2.4 81.0

13 4 3.4 84.6
14 5 4.6 91.4
25 6 5.0 82.7
47 7 6.1 87.8
40 8 6.9 86.6
63 9 7.3 81.7
57 10 8.4 84.4
52 11 9.5 86.0
45 12 9.8 82.0
39 13 10.4 79.9
22 14 10.9 77.9
12 15 12.1 80.6
5 16 14.0 87.5
2 17 15.0 88.2

techniques of this kind were involved in
the numbers weaned for litters of more
than 12 pigs in this study.

It is well established that pigs that are
small at birth have reduced survival ca-
pacity. Table 3 shows a progressive in-
crease in percent survival as birth weight
increased. Table 4 shows that the num-
ber and, generally, the percentage of
pigs with critically low birth weights (2.0
lbs. or less) increased as the number of
pigs in the litter increased. These relation-
ships have led in the past to the philoso-
phy that a litter of 8 or 9 "good" pigs are
preferrable to litters of 12 or more "poor"
pigs. The data in Table 4 show that
there are more "good" as well as more
"poor" pigs as litter size increases. More
pigs are weaned in litters with more pigs
at birth; there are more pigs above the
critically low birth weight, as well as
below it, as number of live pigs per litter
increases. Further, Table 3 shows that
percentage survival of pigs of low birth
weights is apparently not markedly in-
fluenced by number of pigs born alive
per litter.

From the above relationships, it can be
concluded that management practices
and breeding programs that enhance lit-
ter size will not reduce the number of

"good" pigs at birth and will increase the
number of pigs weaned per litter. There
are a number of production practices
that help ensure litters with a large num-
ber of live vigorous pigs at birth. These
include the use of crossbred sows de-
rived from crossing breeds of high pro-
lificacy, use of properly balanced rations
fed in limited quantities during early and
middle gestation and increased in
amount during the last month of gesta-
tion, flushing of gilts, and maintaining a
healthy brood stock herd. These good
production practices are the beginning
point; conscientious and knowledgable
care at farrowing and subsequently are
necessary to maintain the advantages
achieved to that time.

In experiments with the influence of
dichlorvos on sow productivity, data
were collected on total time from birth of
the first pig to birth of the last pig, and
the interval between births of successive
pigs. Each pig was identified at birth.
From these data, it is possible to deter-
mine some relationships for which data
are not ordinarily available.

Average farrowing time was not sig-
nificantly different for control dams and
those fed dichlorvos (Table 5). Changes
in duration of farrowing, therefore, do
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Table 3. Percentage Survival of Pigs of Different Birth Weights in Litters with Different
Numbers of Live Pigs at Birth

No. in
litter 2.0 or less 2.1-2.5

Birth weight ( lbs. )

2.6-3.0	 3.1-3.5 3.6-4.0 4.0 or more

1 1 100.0
2 100.0 25.0 33.3
3 25.0 66.7 100.0 100.0 100.0
4 66.7 80.0 62.5 100.0 81.3 100.0
5 77.8 90.0 95.2 94.4 90.9 100.0
6 42.9 66.7 82.4 91.8 100.0 100.0
7 67.6 80.2 92.0 95.1 97.0 100.0
8 53.1 82.4 90.4 93.8 96.0 100.0
9 45.5 77.5 86.8 87.9 97.8 100.0

10 51.9 80.2 91.0 93.7 100.0 93.0
11 62.7 84.4 91.3 92.0 88.6 100.0
12 63.9 77.4 87.4 93.0 90.3 100.0
13 50.6 80.0 82.4 92.2 97.0 100.0
14 56.1 81.1 81.8 89.7 100.0 100.0
15 48.7 76.1 94.0 96.8 100.0 100.0
16 72.0 81.3 100.0 100.0
17 75.0 90.9 83.3 100.0 75.0

Average 56.6 79.7 88.2 92.3 94.6 98.7

1 Indicates no pigs born in this birthweight class.

Table 4. Average Birthweight and Distribution of Birthweights in Litters with Different
Numbers of Pigs

Litter
size

Av. birth
weight ( lbs. )

Av. no./litter and %
2.0 lbs. or less

Av. no./litter and %
above 2.0 lbs.

Av. no.
weaned/

litter

No. % No. %
1 3.35 0 0 1 100.0 1
2 3.39 0 0 2 100.0 1
3 3.25 0 0 3 100.0 2.4
4 3.31 .17 5.8 3.83 94.2 3.4
5 2.94 .65 12.9 4.35 87.1 4.6
6 2.99 .56 9.3 5.44 90.7 5.0
7 2.86 .78 11.2 6.22 88.8 6.1
8 2.87 .80 10.0 7.20 90.0 6.9
9 2.82 1.04 11.6 7.96 88.4 7.3

10 2.78 1.42 14.2 8.58 85.8 8.4
11 2.78 1.44 13.1 9.56 86.1 9.5
12 2.67 2.16 18.0 9.84 82.0 9.8
13 2.68 2.13 16.4 10.87 83.6 10.4
14 2.53 3.00 21.4 11.00 78.6 10.9
15 2.61 3.26 21.7 11.74 78.3 12.1
16 2.50 5.00 31.3 11.00 68.7 14.0
17 2.78 2.01 11.8 14.99 88.2 15.0
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not appear to be a cause of increased
survival of pigs farrowed by dams fed
dichlorvos. It is possible, however, that
death loss is higher among pigs that are
born at long intervals following birth of
the preceeding pig. To determine
whether this is true, all pigs that were
born more than 30 minutes following the
preceeding pig were compared to the
herd average. Table 6 shows that these
pigs were born an average of 61 minutes
after the preceeding pig in the litter.
Neither their average birthweight nor
35-day weight was significantly different
from the herd average; their survival was
about 4 percent lower than the herd av-
erage. The statistical significance of this
difference has not been determined.

In a further determination of effect of
duration of farrowing on survival of pigs,
those litters in which farrowing was ex-
tended beyond 140 minutes were com-
pared with litters that were farrowed in
a shorter time. In this comparison, there
were generally more litters in the short
than in the long duration until litter size
13 was reached. To negate any effect of

litter size on differences in survival in
the two groups, the mean survival per-
centage of each litter size in both the
short- and long-duration groups have
been weighted by the number of litters
in the long-duration group. Unbiased
comparison of the effect of duration per
se is thereby achieved.

Table 7 shows the results. The differ-
ence, like that for individual pigs, is
small and may not be a true effect but is
in favor of the shorter farrowing time.
If indeed shorter duration of farrowing
results in higher survival, the use of oxy-
tocin to hasten the birth of pigs would
have this advantage in addition to the
time saved for the attendant at farrow-
ing.

The data also provide information on
the average interval between births of
successive pigs. No interval exists for the
first pig. The data in Table 8 show a
trend of a longer interval between pigs
1 and 2 and 2 and 3 than for succeeding
pigs up to pig 12. In the present study,
numbers of litters with more than 13 pigs
is too small to provide reliable averages.

Table 5. Average Total Farrowing Time/Litter and Average Interval Between Birth of Pigs
for Control and Dichlorvos-fed Dams

Group
Time per

litter ( min )
Average

interval ( min )

Control sows 158 14.2
Treated sows 143 12.4
Control gilts 122 12.1
Treated gilts 156 18.4
Average

Control 140 13.2
Treated 150 15.4

Table 6. Comparison of Performance of Pigs Born 30 Minutes or More After Preceeding Pig
with that of Herd Average

Av. birth	 Av. birth	 Percent
	

Av. 35-day
Group	 No. pigs	 interval	 weight ( lbs. ) 	 survival	 weight ( lbs. )

Herd	 1113	 14 min.	 2.69	 83.1
	

17.3
Long interval	 109	 61 min.	 2.74	 78.9

	
17.0
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Table 7. A Comparison of Percent Survival of Pigs in Litters of Short and Long Duration of
Farrowing

Short duration	 Long duration

Litter	 No.	 Av. min.	 Percent	 No.	 Av. min.	 Percent
size	 litters	 duration	 survival	 litters	 duration	 survival

5 2 33 80.0 1 152 100.0
6 2 82 91.7 1 290 50.0
7 6 92 95.7 3 285 81.4
8 7 105 87.5 3 162 75.0
9 5 87 86.7 2 152 88.9

10 10 90 90.0 6 202 83.0
11 14 94 79.1 4 216 86.4
12 6 80 87.5 2 179 83.3
13 5 97 83.1 8 227 77.7
14 3 124 66.4 5 270 75.7

Total 60 35
Average 90 83.5' 217 80.2'

The average of means for each litter size weighted by the number of litters of that size in
the long-duration group.

Table 8. Average Interval Between Births of Successive Pigs Within Litters

Pig number

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

No. litters
Interval (min.)

103
19

102
18

100
13

99
12

94
12

94
12

84
13

76
12

68
14

52
15

39
20

29
16

13
15

8
20

4
9

1
1

1
5
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